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1
AIRCRAFT AND AIRCRAFT CONTROL
METHOD

TECHNICAL FIELD

The present invention relates to an aircraft and an aircraft
control method.

BACKGROUND ART

Among aircraft maneuvering systems, in the case of an
electrical maneuvering system generally referred to as a fly-
by-wire (hereinafter referred to as “FBW”) system, maneu-
vering characteristics are improved by performing control in
which an actuator for driving a rudder controlling mechanism
is given FBW control-law commands, including attitude
command control that associates the amount of maneuvering
of a control stick with the amount of change in attitude of an
aircraft, velocity command control that associates the amount
of'maneuvering ofthe control stick with the amount of change
in velocity, and so forth.

A Partial Authority Flight Control System (hereinafter
referred to as “PAFCS”) is a system that realizes the same
control as this FBW system by using a mechanical maneu-
vering system in which the control stick and the rudder con-
trolling mechanism are mechanically connected with a
mechanical linkage and a linear actuator (SAS (stability aug-
mentation system) actuator) for increasing stability.

With a PAFCS, because the control stick and the rudder
controlling mechanism are mechanically connected, unlike
the FBW system, it is not necessary to provide a redundant
system for achieving high reliability in the control system.
However, with the PAFCS, the operating range (authority) of
an SAS actuator is restricted in order to allow maneuvering by
a pilot even when an abnormality occurs in the control sys-
tem.

As an example of PAFCS, Cited Literature 1 discloses a
helicopter flight-control device constituted of a linking
mechanism that drives a rudder controlling mechanism by
mechanically transmitting the amount of maneuvering of a
maneuvering unit to the rudder controlling mechanism, a
flight-control-law computing unit that computes a flight-con-
trol law of the helicopter based on a maneuvering signal
obtained by detecting the amount of maneuvering of the
maneuvering unit and that outputs a driving signal for the
rudder controlling mechanism, and a precision servo actuator
unit that adds to the amount of maneuvering transmitted by
the linking mechanism an amount of difference correspond-
ing to a difference signal obtained by subtracting the maneu-
vering signal from the driving signal.

CITATION LIST
Patent Literature
PTL 1 Publication of Japanese Patent No. 3195918
SUMMARY OF INVENTION
Technical Problem

Unlike the FBW system, with the PAFCS, the rudder sur-
face is also moved in accordance with the amount of manipu-
lation of the control stick (control-stick manipulation
amount) because the control stick and the rudder controlling
mechanism are mechanically connected. Accordingly, as
described in Cited Literature 1, an SAS command for driving
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the SAS actuator is calculated by subtracting the control-stick
manipulation amount from the FBW control-law command,
as shown in Expression (1).

SAS command=FBW control-law command-control-
stick manipulation amount

M

However, if the control-stick manipulation amount is too
high, causing the magnitude of the SAS command calculated
by using Expression (1) to exceed the operating range of the
SAS actuator, the SAS actuator ends up in a state in which the
SAS actuator remains extended or contracted in one direc-
tion, which does not allow any further movement (saturated
state). Once this state occurs, it is not possible to perform
rudder surface control, that is, craft control.

The present invention has been conceived in light of the
above-described circumstances, and an object thereof is to
provide an aircraft and an aircraft control method with which
itis possible to prevent a situation in which the craft cannot be
controlled because the amount of manipulation of a control
stick is too high, even if the craft maneuvering system is a
PAFCS.

Solution to Problem

In order to solve the above-described problems, an aircraft
and an aircraft control method of the present invention
employ the following solutions.

An aircraft according to a first aspect of the present inven-
tion includes a control stick for a pilot to maneuver a craft; an
amount-of-rudder-control transmitting means that mechani-
cally transmits an amount of manipulation of the control stick
to a rudder controlling means; a detecting means that detects
the amount of manipulation; an amount-of-control calculat-
ing means that calculates an amount of control for the craft in
accordance with the amount of manipulation detected by the
detecting means; an amount-of-change outputting means that
outputs, among the amounts of manipulation detected by the
detecting means, an amount of change in the amounts of
manipulation; a subtracting means that subtracts the amount
of change output from the amount-of-change outputting
means from the amount of control calculated by the amount-
of-control calculating means; and an actuator that adds an
amount of manipulation in accordance with a subtracted
value output from the subtracting means to the amount of
manipulation transmitted by the amount-of-rudder-control
transmitting means.

With this configuration, the amount-of-rudder-control
transmitting means mechanically transmits the amount of
manipulation of the control stick to the rudder controlling
means. [n addition, the detecting means detects the amount of
manipulation of the control stick, and the amount-of-control
calculating means calculates the amount of control for the
craft in accordance with that amount of manipulation.

Then, among the amounts of manipulation detected by the
detecting means, the amount-of-change outputting means
outputs the amount of change in the amounts of manipulation,
and the subtracting means subtracts the amount of change
output from the amount-of-change outputting means from the
amount of control calculated by the amount-of-control cal-
culating means. In other words, the subtracted value output
from the subtracting means serves as the control command for
the actuator.

The actuator adds the amount of manipulation in accor-
dance with the subtracted value (control command) output
from the subtracting means to the amount of manipulation
transmitted by the amount-of-rudder-control transmitting
means. In other words, the aircraft maneuvering system
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according to this configuration is a PAFC system in which the
rudder controlling means is driven based on the sum of the
amount of manipulation transmitted by the amount-of-rud-
der-control transmitting means and the amount of manipula-
tion due to the actuator.

With a conventional PAFC system, a value obtained by
subtracting the amount of manipulation of the control stick
from the amount of control calculated by the amount-of-
control calculating means is input to the actuator as the con-
trol command. However, if the amount of manipulation of the
control stick is too high, because the amount of subtraction
applied to the amount of control calculated by the amount-
of-control calculating means becomes high, the subtracted
value (control command) sometimes exceeds the operating
range of the actuator. In such a case, the actuator ends up in a
state in which the actuator remains extended or contracted in
one direction, which does not allow any further movement
(saturated state). Note that the case in which the amount of
manipulation of the control stick is too high refers to, for
example, a case in which the control stick is maximally tilted
in one direction.

In contrast, with this configuration, when the state in which
the control stick is maximally tilted in one direction is main-
tained, because the amount of manipulation does not change
and is kept constant, the output from the amount-of-change
outputting means would be 0 (zero). Accordingly, in such a
case, the amount of manipulation of the control stick is not
subtracted from the amount of control calculated by the
amount-of-control calculating means. In other words, the
amount-of-change outputting means keeps the control com-
mand input to the actuator from exceeding the operating
range of the actuator.

Therefore, with this configuration, when the amount of
manipulation of the control stick is too high, because that
amount of manipulation is not subtracted from the amount of
control calculated by the amount-of-control calculating
means, it is possible to prevent a situation in which the craft
cannot be controlled because the amount of manipulation of
the control stick is too high.

With the above-described first aspect, it is preferable that
the amount-of-change outputting means attenuate, over time,
the amount of manipulation to be output when the amount of
manipulation has stopped changing.

With this configuration, although the amount of control
calculated by the amount-of-control calculating means is sub-
tracted while the amount of manipulation of the control stick
is changing, when the amount of manipulation of the control
stick has stopped changing because, for example, a state in
which the control stick is maximally tilted in one direction is
maintained or the like, the amount of manipulation output
from the amount-of-change outputting means is attenuated
over time; therefore, the same effect is achieved as attenuating
the rate of change of the amount of manipulation to be applied
to the rudder controlling means via the amount-of-rudder-
control transmitting means, thus reducing the likelihood of
the craft responding abruptly. Then, if the state in which the
amount of manipulation of the control stick does not change
continues to be maintained, the craft is stabilized by using
only the amount of control calculated by the amount-of-
control calculating means. Therefore, it is possible to realize
more stable craft control.

An aircraft control method according to a second aspect of
the present invention is a method of controlling an aircraft
provided with a control stick for a pilot to maneuver a craft, an
amount-of-rudder-control transmitting means that mechani-
cally transmits an amount of manipulation of the control stick
to a rudder controlling means, a detecting means that detects
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the amount of manipulation, an amount-of-control calculat-
ing means that calculates an amount of control for the craft in
accordance with the amount of manipulation detected by the
detecting means, the aircraft control method including a first
step of outputting, among the amounts of manipulation
detected by the detecting means, an amount of change in the
amounts of manipulation; a second step of subtracting the
amount of change from the amount of control calculated by
the amount-of-control calculating means; and a third step of
driving the rudder controlling means by adding an amount of
movement of the actuator in accordance with a subtracted
value obtained by the subtraction performed in the second
step to the amount of manipulation transmitted by the
amount-of-rudder-control transmitting means.

Advantageous Effects of Invention

The present invention affords an excellent advantage in
that it is possible to prevent a situation in which the craft
cannot be controlled because the amount of manipulation of a
control stick is too high, even if the craft maneuvering system
is a PAFCS.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1is ablock diagram showing the configuration related
to control of an aircraft according to an embodiment of the
present invention.

FIG. 2 is a schematic diagram showing a control-stick
manipulation amount after passing through a high-pass filter
according to the embodiment of the present invention.

FIG. 3 is a schematic diagram showing the relationship
between the magnitude of the control-stick manipulation
amount and the movement of a rudder surface in an FBW
system.

FIG. 4 is a schematic diagram showing the relationship
between the control-stick manipulation amount and the
movement of a rudder surface in a PAFCS, in the case in
which the control-stick manipulation amount is low.

FIG. 5 is a schematic diagram showing the relationship
between the control-stick manipulation amount and the
movement of arudder surface in a conventional PAFCS, inthe
case in which the control-stick manipulation amount is high.

FIG. 6 is a schematic diagram showing the relationship
between the control-stick manipulation amount and the
movement of a rudder surface in a PAFCS according to this
embodiment, in the case in which the control-stick manipu-
lation amount is high.

DESCRIPTION OF EMBODIMENT

An embodiment of an aircraft and an aircraft control
method according to the present invention will be described
below with reference to the drawings.

FIG. 1is ablock diagram showing the configuration related
to control of an aircraft 10 according to this embodiment.
Note that, as an example, the aircraft 10 according to this
embodiment is assumed to be a helicopter. In addition, a
maneuvering system of the aircraft 10 according to this
embodiment is a PAFCS.

As shown in FIG. 1, the aircraft 10 is provided with a
mechanical linkage 18 that mechanically transmits an amount
of manipulation of a control stick 12, which allows a pilot to
maneuver the craft, to a rudder controlling mechanism 16
having a rudder surface 14. The mechanical linkage 18 is
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connected, at one end, to the control stick 12 and is connected,
at the other end, to an SAS actuator 20 that drives the rudder
controlling mechanism 16.

In addition, the aircraft 10 is provided with an amount-of-
manipulation sensor 22 that detects the amount of manipula-
tion of the control stick 12 (hereinafter referred to as “control-
stick manipulation amount”), and an FBW control-law
computing unit 24 that calculates an amount of control of the
craft in accordance with the control-stick manipulation
amount detected by the amount-of-manipulation sensor 22
(hereinafter referred to as “FBW control-law command”). In
addition, the control-stick manipulation amount detected by
the amount-of-manipulation sensor 22 is transmitted through
an amount-of-manipulation canceling line 28 and is input to a
subtracting portion 26, and the FBW control-law command is
also input to the subtracting portion 26.

Then, the subtracting portion 26 subtracts the control-stick
manipulation amount transmitted through the amount-of-ma-
nipulation canceling line 28 from the FBW control-law com-
mand. The subtracted value generated by the subtracting por-
tion 26 is output as an SAS command for controlling an SAS
actuator 20 and is input to the SAS actuator 20.

The SAS actuator 20 drives the rudder controlling mecha-
nism 16 based on a value obtained by adding the amount of
manipulation of the control stick 12 transmitted by the
mechanical linkage 18 to the SAS command output from the
subtracting portion 26.

Also, the aircraft 10 according to this embodiment is pro-
vided with a high-pass filter 30 that outputs, among the con-
trol-stick manipulation amounts, an amount of change of the
control-stick manipulation amounts to the amount-of-ma-
nipulation canceling line 28. The control-stick manipulation
amount output from the high-pass filter 30 is input to the
subtracting portion 26 and is subtracted from the FBW con-
trol-law command. Specifically, in this embodiment, the con-
trol-stick manipulation amount after passing through the
high-pass filter 30 serves as the amount of subtraction applied
to the FBW control-law command.

FIG. 2 is a schematic diagram showing the control-stick
manipulation amount after passing through the high-pass fil-
ter 30.

As shown in FIG. 2, in the case in which the control-stick
manipulation amount changes, the high-pass filter 30 directly
outputs that amount of change as the amount of subtraction
without modification. On the other hand, in the case in which
the control-stick manipulation amount does not change, the
high-pass filter 30 outputs 0 (zero) as the amount of subtrac-
tion. Note that the case in which the control-stick manipula-
tion amount does not change refers to a case in which, for
example, a state in which the control stick 12 is maximally
tilted in one direction is maintained or the like.

At this point, with a PAFC system, the value obtained by
subtracting the control-stick manipulation amount from the
FBW control-law command would be input to the SAS actua-
tor 20 as the SAS command. However, with the conventional
PAFC system, if the control-stick manipulation amount is too
high, the SAS command sometimes exceeds the operating
range of the SAS actuator 20 because the amount of subtrac-
tion applied to the FBW control-law command is high. In this
case, the SAS actuator 20 ends up in a state in which the SAS
actuator 20 remains extended or contracted in one direction,
which does not allow any further movement (saturated state).

However, with the aircraft 10 according to this embodi-
ment, for example, when the state in which the control stick
12 is maximally tilted in one direction is maintained, because
the amount of subtraction output from the high-pass filter 30
becomes 0, subtraction is not performed on the FBW control-
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law command at the subtracting portion 26. In other words,
the high-pass filter 30 keeps the SAS command from exceed-
ing the operating range of the SAS actuator 20.

In addition, the high-pass filter 30 outputs the control-stick
manipulation amount (amount of subtraction) while the con-
trol-stick manipulation amount is changing, and attenuates,
over time, the control-stick manipulation amount (amount of
subtraction) to be output when the control-stick manipulation
amount has stopped changing. For example, the high-pass
filter 30 according to this embodiment gradually decreases
the amount of subtraction in a curve, as shown in FIG. 2. By
doing so, the same effect is achieved as attenuating the rate of
change of the control-stick manipulation amount to be
applied to the rudder controlling mechanism 16 via the
mechanical linkage 18, and thus, it is possible to reduce the
likelihood of the craft responding abruptly. Subsequently, if
the state in which the control-stick manipulation amount does
not change is maintained, the craft is stabilized by using only
the FBW control-law command calculated by the FBW con-
trol-law computing unit 24. Therefore, with the aircraft 10
according to this embodiment, it is possible to realize more
stable craft control.

Next, the operation of the aircraft 10 according to this
embodiment will specifically be described by comparison
with a conventional maneuvering system.

FIG. 3 is a schematic diagram showing the relationship
between the magnitude of the control-stick manipulation
amount and the movement of the rudder surface 14 in the
FBW system.

In the FBW system, even if the control stick 12 is manipu-
lated and the control-stick manipulation amount is kept con-
stant, the FBW control-law command indicating an amount
of control for the craft in accordance with the control-stick
manipulation amount is calculated based on the FBW control
law. Because the control stick 12 and the SAS actuator 20 are
not mechanically connected, the SAS actuator 20 drives the
rudder surface 14 by an amount of displacement indicated by
the FBW control-law command. Because of this, as shown in
FIG. 3, the rudder surface 14 is driven by the same amount of
displacement as the amount of displacement indicated by the
FBW control-law command.

FIG. 4 is a schematic diagram showing the relationship
between the control-stick manipulation amount and the
movement of the rudder surface 14 in the case in which the
control-stick manipulation amount is low (hereinafter
referred to as “low manipulation™) in the PAFCS. The low
manipulation refers to a case in which the control-stick
manipulation amount falls within the operating range of the
SAS actuator 20.

As described above, in the PAFCS, because the control
stick 12 and the SAS actuator 20 are mechanically connected,
the subtracted value obtained by subtracting the control-stick
manipulation amount from the FBW control-law command
serves as the SAS command. In other words, by being shifted
by the subtracted control-stick manipulation amount, the
FBW control-law command serves as the SAS command.
Then, the rudder surface 14 is driven by the sum of the amount
of displacement of the mechanical linkage 18 in accordance
with the control-stick manipulation amount and the amount
of'displacement of the SAS actuator 20 in accordance with the
SAS command, that is, the same amount of displacement as
the amount of displacement indicated by the FBW control-
law command.

Note that, in the case of the low manipulation shown in
FIG. 4, the relationship between the control-stick manipula-
tion amount and the movement of the rudder surface 14 is the
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same both for the conventional PAFCS and the PAFCS
according to this embodiment.

FIG. 5 is a schematic diagram showing the relationship
between the control-stick manipulation amount and the
movement of the rudder surface 14 in the case in which the
control-stick manipulation amount is high (hereinafter
referred to as “high manipulation”) in the conventional
PAFCS. High manipulation refers to a case in which the
control-stick manipulation amount exceeds the operating
range of the SAS actuator 20.

As shown in FIG. 5, in the case of high manipulation,
because the control-stick manipulation amount exceeds the
operating range of the SAS actuator 20, the SAS command in
which the control-stick manipulation amount is subtracted
from the FBW control-law command also exceeds the oper-
ating range of the SAS actuator 20. Therefore, the SAS actua-
tor 20 cannot be moved in a range equal to or greater than the
operating range, and the actuator remains extended or con-
tracted in one direction, thus reaching the saturated state
where no further movement is allowed.

Because of this, although the amount of displacement of
the rudder surface 14 becomes equal to the sum of the amount
of'displacement of the mechanical linkage 18 and the amount
of'displacement of the SAS actuator 20, as described above, a
displacement in accordance with the SAS command cannot
be achieved.

FIG. 6 is a schematic diagram showing the relationship
between the control-stick manipulation amount and the
movement of the rudder surface 14 in the case in which high
manipulation is performed in the PAFCS according to this
embodiment.

As shown in FIG. 6, in this embodiment, the high-pass filter
30 outputs the amount of change in the control-stick manipu-
lation amounts as the amount of subtraction to be applied to
the FBW control-law command, whereas there is no output
therefrom in the case of a constant control-stick manipulation
amount with no change. This control-stick manipulation
amount with no output corresponds to the control-stick
manipulation amount exceeding the operating range of the
SAS actuator 20. Note that, also in the case shown in FIG. 6,
when the control-stick manipulation amount becomes con-
stant, the amount of subtraction is gradually decreased.

Subtracting the amount of subtraction output from the
high-pass filter 30 in this way from the FBW control-law
command means that the SAS command absorbs the control-
stick manipulation amount for the initial manipulation of the
control stick 12 and does not absorb the control-stick manipu-
lation amount that has become constant. Accordingly, the
SAS command falls within the operating range even if the
control-stick manipulation amount exceeds the operating
range of the SAS actuator 20, thus generating an allowance
for moving the SAS actuator 20.

As a result, even if the control-stick manipulation amount
exceeds the operating range of the SAS actuator 20, the rud-
der surface 14 is driven using the sum of the amount of
displacement of the mechanical linkage 18 in accordance
with the control-stick manipulation amount and the amount
of'displacement of the SAS actuator 20 in accordance with the
SAS command.

As has been described above, with the aircraft 10 according
to this embodiment, the high-pass filter 30 outputs, among the
control-stick manipulation amounts detected by the amount-
of-manipulation sensor 22, the amount of change in the con-
trol-stick manipulation amounts, and, by subtracting the
amount of change that has passed through the high-pass filter
30 by means of the subtracting portion 26, the FBW control-
law command serves as the SAS command. Then, with the
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8

aircraft 10 according to this embodiment, the rudder control-
ling mechanism 16 is driven by adding the amount of move-
ment of the SAS actuator 20 in accordance with the SAS
command to the control-stick manipulation amount transmit-
ted by the mechanical linkage 18.

Therefore, with the aircraft 10 according to this embodi-
ment, it is possible to prevent a situation in which the craft
cannot be controlled because the amount of manipulation of
the control stick 12 is too high.

In addition, with the high-pass filter 30 according to this
embodiment, because the amount of subtraction to be output
is attenuated over time in the case in which the control-stick
manipulation amount has stopped changing, it is possible to
realize more stable craft control.

As above, although the present invention has been
described by using the embodiment described above, the
technical scope of the present invention is not limited to the
scope of the embodiment described above. It is possible to
incorporate various alterations or improvements into the
above-described embodiment within a range that does not
depart from the scope of the invention, and the technical
scope of the present invention also encompasses forms into
which such alterations or improvements are incorporated.

For example, although the above-described embodiment
has been described in terms of a form in which the amount of
subtraction is gradually decreased in a curve by the high-pass
filter 30 when the control-stick manipulation amount has
stopped changing, the present invention is not limited thereto,
and a form in which the amount of subtraction is linearly
decreased or decreased in a step-wise manner may be
employed.

REFERENCE SIGNS LIST

10 aircraft

12 control stick

14 rudder surface

16 rudder controlling mechanism

18 mechanical linkage

20 SAS actuator

22 amount-of-manipulation sensor
24 FBW control-law computing unit
26 subtracting portion

28 amount-of-manipulation canceling line
30 high-pass filter

The invention claimed is:

1. An aircraft comprising:

a control stick for a pilot to maneuver a craft;

an amount-of-rudder-control transmitting part that
mechanically transmits an amount of manipulation of
the control stick to a rudder controlling part;

a detecting part that detects the amount of manipulation;

an amount-of-control calculating part that calculates an
amount of control for the craft in accordance with the
amount of manipulation detected by the detecting part;

an amount-of-change outputting part that outputs, among
the amounts of manipulation detected by the detecting
part, an amount of change in the amounts of manipula-
tion;

a subtracting part that subtracts the amount of change out-
put from the amount-of-change outputting part from the
amount of control calculated by the amount-of-control
calculating part; and

an actuator that adds an amount of manipulation in accor-
dance with a subtracted value output from the subtract-
ing part to the amount of manipulation transmitted by
the amount-of-rudder-control transmitting part.
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2. An aircraft according to claim 1, wherein the amount-
of-change outputting part attenuates, over time, the amount of
manipulation to be output when the amount of manipulation
has stopped changing.

3. An aircraft control method which is a method of control-
ling an aircraft provided with a control stick for a pilot to
maneuver a craft, an amount-of-rudder-control transmitting
part that mechanically transmits an amount of manipulation
of the control stick to a rudder controlling part, a detecting
part that detects the amount of manipulation, an amount-of-
control calculating part that calculates an amount of control
for the craft in accordance with the amount of manipulation
detected by the detecting part, the aircraft control method
comprising:

a first step of outputting, among the amounts of manipula-
tion detected by the detecting part, an amount of change
in the amounts of manipulation;

a second step of subtracting the amount of change from the
amount of control calculated by the amount-of-control
calculating part; and

athird step of driving the rudder controlling part by adding
an amount of movement of the actuator in accordance
with a subtracted value obtained by the subtraction per-
formed in the second step to the amount of manipulation
transmitted by the amount-of-rudder-control transmit-
ting part.
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